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INTRODUCTION

Hip osteoarthritis (OA) affects 8.7% of men 
and 9.3% of women over the age of 45 in the 
United States (1). During the aging process the 
chondrocytes, which contribute to 5% of the 
articular cartilage volume, progressively reduce 
their regenerative capacity with a reduction in the 
production of proteoglycans and type 2 collagen 
and of articular cartilage (2).

Treatment of hip OA includes physiotherapy, 
non-steroidal anti-inflammatory drugs (NSAIDs) 
and intra-articular injections (corticosteroid, hyalu-
ronic acid and platelet-rich plasma). Several studies 
have shown an excellent effectiveness of infiltrative 
treatments without being able to prevent the 
progressive wear of cartilage (3,4).

Total hip replacement (THR) is certainly an 
effective treatment but burdened with a non-
negligible complication rate (dislocation, infection, 
pulmonary thromboembolism and in some cases 
death (5-7)). A recent study shows that 7-23% of THR 
patients may experience chronic pain after surgery 

Hip osteoarthritis affects 8.7% of men and 
9.3% of women over the age of 45 in the United 
States. Treatment of hip osteoarthritis includes 
physiotherapy, non-steroidal anti-inflammatory 
drugs and intra-articular injections (corticosteroid, 
platelet-rich plasma and hyaluronic acid). Total hip 
replacement is certainly an effective treatment but 
burdened with a non-negligible complication rate. 
Stem cell therapy represents a potential alternative 
for the treatment of patients with osteoarthritis.
The authors performed a systematic review with the 
aim to analyze all clinical studies investigating the 
safety and efficacy of intra-articular mesenchymal 
stem cell injections for hip osteoarthritis. Nine studies 
satisfied inclusion criteria and were included in the 
review.
The most important element that emerges from 
this analysis is that at the moment there is a lot of 
heterogeneity in the type of mesenchymal stem 
cells used (adipose versus medullary), in the site of 
collection and in the number of injections performed.
The clinical results are overall satisfactory in the 
short follow-up (3-30 months, average 13.6 months). 
All the studies examined showed considerable clinical 
effectiveness in controlling pain and improving the 
functionality of patients with hip osteoarthritis in the 
short follow-up. Three of these studies demonstrated 
superiority in terms of duration of pain relief respect 
to standard therapies (injections of platelet-rich 
plasma and hyaluronic acid). From all this emerges 
the need to perform randomized controlled trials 
to evaluate the efficacy of mesenchymal stem cells 
compared to validated infiltrative treatments with 
platelet-rich plasma and hyaluronic acid.
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(5). From this non-negligible rate of complications 
and chronic post-surgery pain the need arises to find 
alternative treatments to surgery.

Stem cell therapy represents a potential alter-
native for the treatment of patients with OA, carti-
laginous defects and soft tissue injuries (8-11). 
The mesenchymal stem cells (MSC) are cells of 
mesodermal origin and represent the precursors of 
bone, cartilage, muscle and adipose tissue (12). The 
MSCs can be taken from bone marrow and from 
fat : in particular in the adipose tissue they represent 
up to 2% of the cell count in comparison to 0.02% 
of the bone marrow (13-16).

The infiltrative treatment with MSCs exerts its 
therapeutic effect through 3 different mechanisms : 
a natural anti-inflammatory effect, an immediate 
mechanical lubricating effect and a secondary bio-
logical effect thanks to the secretion of angiogenic, 
antiapoptotic and immunomodulatory factors 
(paracrine effect) (2). Recent in vitro studies have 
shown that MSCs can initiate the repair process 

by influencing local cells through a paracrine 
communication mechanism, although the real 
in vivo therapeutic mechanism has not yet been 
demonstrated (17).

The objective of this review is to analyze all 
clinical studies investigating the safety and efficacy 
of intra-articular MSC therapy for hip OA.

METHODS

There was no registered protocol. The following 
search terms were used in PUBMED, EMBASE 
and the Cochrane Library Database on 24th May 
2019 : “Stem cell therapy AND hip ; adipose stem 
cell AND hip ; bone marrow concentrate AND hip ; 
bone marrow injection AND hip ; stem cell injection 
AND hip ; stem cell AND hip”. No time limit was 
given to publication date. 

Two reviewers independently carried out the 
initial search screening the titles and abstracts for 
relevance. We included all studies based on the 

Figure 1. — Flow-chart describing literature evaluation methods.
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following criteria : (1) English studies ; (2) patient 
population diagnosed with hip OA and treated 
with MSC injections alone or in comparison with 
hyaluronic acid (HA) or platelet-rich plasma (PRP). 

The following data were collected : first author, 
year of publication, number of patients, stem cell 
type, follow-up, functional outcomes and adverse 
events. 

RESULTS

The initial search identified 116 records. After 
examination of titles and abstracts, there were 9 
full-text papers that satisfied all inclusion criteria 
and were included in this systematic review. There 
were 7 retrospective case-series, 1 prospective case-
series and 1 prospective cohort study (Figure 1).

For adipose stem cells (ADSCs), liposuction and 
injections were performed in the same surgical stage 
in both studies (2,18), one using mechanical fraction 
and one using enzymatic digestion.  

Both studies used the abdomen as harvesting site 
for ADSCs. None of the studies reported the average 
volume of harvested adipose tissue or the cell count. 
Dall’Oca et al. (2) performed one single injection, 
while Pak et al. (18) performed the first injection 
with a mixture of ADSCs, PRP and HA as scaffold, 
then performed other four additional autologous 
PRP injections each week over one month period.

For bone marrow cells (BMCs) there was much 
more heterogeneity in the harvested site, preparation 
and number of injections. Darrow et al. (1) used the 
posterior superior iliac spine (PSIS) to harvest the 
BMCs, which were then centrifugated and injected 
into the hip joint during the same procedure, 
followed by other 3 injections approximately 14 days 
apart. Rodriguez-Fontan et al. (19) used the anterior 
superior iliac crest (ASIC) as harvesting site ; then 
the BMCs were centrifugated and injected into the 
hip joint in the same stage. Hauser et al. (20) used 
tibial whole bone marrow (WBM) in combination 
with hyperosmotic dextrose in all cases except one 
in which they used the tibial and posterior iliac bone 
marrow. The number of injections were between 2 
and 7. Mardones et al. (21) used ex-vivo expanded 
bone marrow-derived mesenchymal stem cells (BM-
MSC) harvested from the PSIS of each patients and 

treated the affected hip with 3 injections, starting the 
same day of aspiration and with other 2 injections 
at 7 and 14 days after treatment. Cell count was 
approximately of 20 x 106 ex-vivo expanded BM-
MSC. Centeno et al. (22) in the first study in 2006 
used BMC harvested from the PSIS and performed 
the first injection using BMC added with HA and 
the second injection one month apart added with 
PRP. In 2014 the same group performed the largest 
study using BMC harvested from the PSIS and 
added with autologous PRP (23). Average cell count 
was reported to be 527,4 x 106. Emadedin et al. (24) 
used expanded ex-vivo BM-MSC harvested from 
the iliac crest and injected 7 days after aspiration. 

Studies’ characteristics are reported in Table I 
and II.

In 2006 Centeno et al. (22) reported the first 
case-report about MSC treatment of hip OA : they 
presented a 64-year-old male with a 20-year history 
of unilateral hip pain and diagnosed with hip OA. 
He was treated with 2 injections of bone marrow 
nucleated cells one month apart and added with 
HA and PRP. At 3-month follow-up the Authors 
reported one level improvement in travel, recreation 
and standing tolerance and 2 levels improvement in 
walking distance and sitting tolerance. The 4 week 
post-procedure Magnetic Resonance Imaging (MRI) 
demonstrated an improvement of the joint space. In 
2013 Pak et al. (18) presented a case-series of 100 
joints (knee, hip, ankle, low back) treated with 
ADSCs + PRP and HA : of them, 22 were hips, of 
which 15 were affected by avascular osteonecrosis 
and 7 by OA. At the last follow-up (26 months) the 
Authors reported a significative improvement of the 
VAS score (6,55 pre-treatment versus 4,43 post-
treatment). 

In 2013 Hauser et al. (20) reported the results 
of 5 OA hips treated with WBM harvested from 
the iliac crest or tibia. All patients experienced 
significant gains in the treatment periods of 2-12 
months. Centeno et al. (23) in 2014 presented the 
results of a multicenter study with 216 OA hips 
treated with BMC injections. At the last follow-
up at 6 months they administered VAS and Oxford 
Hip Score (OHS) and their multivariate analysis 
showed better results for patients aged < 55 years. 
Outcomes were good and statistically significant 
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(p < 0,05) for both OHS and VAS score with 6,4 
points of improvement for OHS and 1,2 points 
improvement for VAS score. Emadedin et al. (24) 
in 2015 treated 18 patients affected by knee, ankle 

or hip OA with BMC injections, of which 5 were 
hips : they obtained good results with a statistical 
significance for VAS, Western Ontario and 
McMaster Universities Arthritis Index (WOMAC) 

Table I-II. — Studies’ characteristics and general data.  
 

Author Study design 
Patients receiving 
MSC therapy, No. 

Cell 
source 

Mean No. 
of injected 
Cells x 10 

No. of 
injections Adjuvant Control group 

Rodriguez-
Fontan 
(2018) 

Prospective 
cohort study 

19 patients (10 
knees, 15 hips) BMC N/A 2 None None 

Emadedin 
(2015) 

Retrospective 
case-series 

17 patients (6 
knees, 6 ankles, 5 
hips) BMC 

5 x 10 (5) 
seven days 
after 
culture 1 None None 

Mardones 
(2017) 

Retrospective 
case-series 10 patients, 10 hips BMC 20 x 10 (6) 3 None None 

Pak (2013) 
Retrospective 
case-series 

91 patients (7 OA 
hips) 

ADSC 
+ PRP N/A 

1 of ADSC 
and 5 of 
PRP PRP None 

Dall'Oca 
(2019) 

Retrospective 
case-series 6 patients, 6 hips ADSC N/A 1 None None 

Centeno 
(2014) 

Retrospective 
multicenter 
study 196 (216 hips) BMC N/A 1 PRP None 

        
Centeno 
(2006) Case-report 1 hip BMC N/A 1 PRP + HA None 
Darrow 
(2018) 

Retrospective 
case-series 4 hips BMC N/A 4 None None 

Hauser 
(2013) 

Retrospective 
case-series 3 patients (5 hips) WBM N/A 2 to 7 PRP None 

 

 

Author 

Clinical 
outcomes 
measure Outcome scores Significant difference Adverse events Notes 

Rodriguez-
Fontan 
(2018) WOMAC 

40,8 baseline vs 20,6 at 
final FU P< 0.001 

11/19: pain and 
swelling Outcomes were not divided in subgroups 

Emadedin 
(2015) VAS 

4,7 baseline vs 1,7 at 12 
ms, then increase 

p<0,002 at 12 months, p 
> 0,05 at final FW N/A Outcomes were divided in subgroups 

 WOMAC 

45.2 at baseline, 27.9 at 
6 ms, 26.3 at 12 ms, 
29.1 at final FU p < 0.05 - - 

 HHS 
57 at baseline, 79.8 at 6 
ms p < 0.05 - - 

Mardones 
(2017) VAS 

4,2 at baseline, 1,1 at 
final FU p < 0,0001 N/A - 

 WOMAC 
34,5 at baseline, 19,2 at 
final FU p = 0,15 - - 

 HHS 
61,9 at baseline, 85,7 at 
final FU p < 0,003 - - 

 VAIL Hip score 
61,2 at baseline, 78,2 at 
final FU p < 0,02 - - 

Pak (2013) VAS 
6,55 at baseline, 4,43 at 
final FU N/A 

Pain-swelling (37%); 
tendonitis (22%); 
skin rash (1%) Outcomes were not divided in subgroups 

Dall'Oca 
(2019) VAS 

4,6 at baseline, 1,5 at 
final FU p < 0,0001 

1 abdominal 
haematoma - 

 HHS 
67,2 at baseline, 84,6 at 
final FU p < 0,0001 - - 

 WOMAC 
36,3 at baseline, 19,8 at 
final FU p < 0,0001 - - 

Centeno 
(2014) OHS 

26,6 at baseline, 33 at 
final FU p < 0,001 

12 AEs (pain-
swelling, skin rash) OHS data were available for 26,4% of patients 

 VAS 
4,5 at baseline, 3,3 at 
final FU p < 0,001 - VAS data were available for 37,5% of patients 

Centeno 
(2006) HHS 

50,8 at baseline, not 
reported at final FU N/A None - 

Darrow 
(2018) VAS 

5,8 at baseline, 1,8 at 
final FU N/A None - 

 LEFS 
27,8 at baseline, 35,3 at 
final FU N/A None - 

Hauser 
(2013) VAS 

6,1 at baseline, 0,07 at 
final follow-up N/A None - 
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DISCUSSION

The most important element that emerges from 
this analysis is that at the moment there is a lot of 
heterogeneity in the type of MSCs used (adipose 
versus medullary), in the site of collection and in 
the number of injections performed.

The results of the 9 studies described in the 
present review are difficult to extrapolate to a larger 
scale for a number of reasons, the most important 
the lack of control groups and the small number of 
patients treated. 

The clinical results are overall satisfactory in 
the short follow-up (3-30 months, average 13.6 
months).

Despite positive findings, the use of different 
adjuvants in some studies – including PRP and HA 
– limits the ability to determine the specify effect of 
MSCs injections. 

The outcomes of some of the 9 studies examined 
in this review are superior in terms of duration 
compared to standard treatments with PRP and HA, 
whose benefit is estimated to be no more than 12 
months (25). Several studies in the literature attested 
to the efficacy of PRP and HA in the treatment of 
initial-moderate hip OA, but all had a short follow-
up, not exceeding 12 months (26-28) ; only Migliore 
et al. (29) reported benefits at 24 months of injective 
treatment with HA. In particular, the studies of 
Mardones (21), Emadedin (24) and Rodriguez-
Fontan (19) all had a follow-up of more than 12 
months. Emadedin et al. (24) treated 18 patients 
suffering from OA of the knee, ankle and hip by 
injection with BMCs, for a total of 5 hips treated. 
The results evaluated by VAS, WOMAC and HHS 
were statistically significant up to the 12th month 
(p <0.05), then they have decreased up to the 30th 
month remaining good. Mardones et al. (21) treated 
10 patients with hip OA with BMC injections ; at 
the average follow-up of 27.9 months (range 16-40 
months) the results, evaluated by VAS, HHS and Vail 
hip, showed a statistically significant improvement 
(p <0.05). Rodriguez-Fontan et al. reported the 
results of 15 hips affected by OA and treated with 2 
injections with BMCs ; the results, evaluated with 
the WOMAC scale, were statistically significant 
both at 6 months and at the last follow-up, without 

and Harris Hip Score (HHS) only during the first 12 
months (p < 0,05). At the last follow-up (30 months) 
outcomes decreased but remained good. In 3 out 
of 5 hip patients MRI showed articular cartilage 
repair 6 months after BMCs injections. Mardones 
et al. (21) in 2017 treated 10 patients affected by 
hip OA with expanded ex-vivo autologous BMC 
injections. At the last follow-up (average 16-40 
months) VAS, HHS and VAIL hip scores showed 
statistical significant improvement (p < 0,05) with 
no complications reported. One out of 10 patients 
reported an improvement in the radiographic score 
(Tonnis grade). More recently, in 2018, Rodriguez-
Fontan et al. (19) treated with BMC injections15 hips 
affected by early OA. At an average follow-up of 13 
months 63% of patients were satisfied ; WOMAC 
score showed significant results (p < 0,05) at 6 
month follow-up, but at final follow-up there was no 
improvement. Two patients were converted to THR 
at 8 months after BMC injections. Darrow et al. (1)
in 2018 presented the results of 4 hips affected by 
OA and treated with 4 BMC injections ; at the last 
follow-up (3,5 months after the first injection) all 
patients experienced at least 60% total improvement 
following treatment and all patients reported that 
they were able to perform their daily activities. 

In 2019 Dall’Oca et al. (2) presented the outcomes 
of 6 OA hips treated with ADSCs injections. The 
HHS, VAS and WOMAC score at 6 month follow-
up were statistically significant respect to baseline 
(p < 0,05). No patients had post-operative major 
complications. 

Two studies did not mention adverse events 
(21,24). One reported pain and swelling in 11 out of 
19 patients (19). Three studies did not report adverse 
events (1,20,22). Pak et al. (18) had pain and swelling 
in 37% and tendonitis in 22% of patients. Dall’Oca 
et al. (2) reported 1 abdominal hematoma. Centeno 
et al. (23) had pain and skin rush in 12 out of 196 
patients. No cases of tumor were reported.

The most important problem in identifying 
adverse events in such studies is that in some of 
these papers there is no selection between knees 
and hips ; therefore we cannot understand if the AEs 
reported are related to the knee group or hip group.



6	 a. biazzo, f. masia, f. verde	

Acta Orthopædica Belgica, Vol. 87 e-Supplement - 1 - 2021

However, significant biases emerge, such as 
the use of adjuvants (PRP or HA), the limited 
number of patients treated, and the heterogeneity 
of the arthritic degree of treated patients, including 
patients with indication for THR.

From all this emerges the need to perform 
studies with standardized tools, in the absence of 
local adjuvants and above all RCTs to evaluate the 
efficacy of MSCs compared to validated infiltrative 
treatments with PRP and HA.
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